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(54) Title: DISPOSABLE FLUID INJECTION MODULE 




(57) Abstract 

An automated Injection module (10) Is compiised of a housing (12), a piston dnig capsule (18) disposed widiin the housing (12) , 
piston core (20) Including a puncture seal membrane (21) defining a reservoir for holding a drug between Ac puncture seal membrane (2 1 ) 
and the piston drag capsule (18), an injection device (22) having at least one sharp end for puncturing the puncture seal (21) upon activation 
of die device, an cod cap (24) on a distal end the housing, and a pressure source on a projdn^ 

is preferably a propellant diat ignites, and forces the piston (16) towani the distal end. Substantially simultaneously, the injection device 
pierces die puncture seal membrane (21), the piston core (20) is forced into the piston dnig capsule (18). the drag is evacuated (rom the 
reservoir tfaroagh ttie Ejection device (22). and into a padent 
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wo 99/21609 PCr/US9M2779 
DISPOSABLE FLUID INJECTION MODULE 



This applicadon is a oontmuadonrm-part of U.S. Patent AppHcatioa Serial 
No. 08/797,295 now pending. 

5 

Field of the Invention 

The present invention relates generally to an apparatus for injecting drugs 
into a person and, more specifically, to an autoinjection device that utilizes a 
piston-like assembty and a propellant to automatically inject a single dose of a 
10 drug into aperson when the propellant is activated. 

Rflckfpjnund of the Invention 

Presently available autoii^ection systems are relatively large and bulky, 
requiring skill and training in order to properly operate the device and thus are not 

15 amenable to applications &r which r^id administration of either a angle drug or a 
conibinationofdififerentcon9X)undsinr^idsuccesdonisdesirabte^ Such 
sterns are used mainly for mass vaccinations, self-administration of medications, 
such as for injection of insulin in diabetic patients, epinephrine in anaphylactic 
shodc, or antimigram drugs (e.g., sumatrq)tan). AxKtomated injectors used for 

2 0 mass vaccinations, like in military qsplications, are ^ical^ bulky devices that use 
the same injection head for all patients and often require an ^eternal supply of 
compressed gas. 

Autoinjectors are also present^ in use for par^eral administration of 
mectications under fieU conditions, where ngections wi^ 

25 impiacticd or require excessive attentbn or training. Exanq>les of such ^uations 
are administration of chenncal war&re antidotes (e.g., atropine) and treatment of 
anaphylactic shock (e.g., epinephrine). In both instances, drug administration 
must be rapid, sinq>le and reliable and must nunimize the possibility of human 
error on selection and administration of drug doses. One such autoiqector used 

30 by the military conprises an ebngate tube with a i^edle protruding from one end. 
The needle is rt^idly and forcefully inserted into a muscte resulting m the injection 
ofa drug contained within the tube. Upoaremovaiofthe needle, however, the 
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needle reoaains e3q)osed and thus requires proper handling to prevent contact by 
and injuiy to other persons. 

For mass vaccination programs^ reduction of the delivery costs associated 
with immunizations presents the biggest opportunity to boost immunization 
5 coverage rates. One to decrease costs is to reduce the number of contacts 
required to conq)lete the immunization series. Frequently^ patients' conq)liance is 
amajor &ctor limiting effectiveness of mass vaccination programs - duldren, 
parents, and health care providers are less willing to accept the 
of separate iqections. Thus, it is desirabk to defiver as niany vaccines as poss3^ 
10 duimg a single, quick patirat visit. Mixing ofvaccines in one syringe is 
contraindicated due to reduced potency oftfaennixed vaccines. However, 
vaccines are typically safe and effective when administeied at the 
different application sates, sudi as through a sipgle, nmlt^le-site iqection. 
TIserefore, there is a clear need to simdtaneoudyiqectsev^ Due to 

1 5 problems assodated with typical needle injections inchiding transmis^on of 

disease between patients, hazards to bea&h-care workers, and esqprasive handling 
and diqx>sal procedures, a inethod of injection without the u^ of aneedle or with 
a retractable needle is dearable. 

U.S. Patent 5,167,625 to Jacobsen et aL discloses an unplantable drug 
20 delivery system which includes a housing having a pluraHty of compartnsents each 
of which includes a flexible drug containment sack. A cover is disposed over the 
con^artment openings to prevent the release of drug formulation contamed in the 
sacks. Gas generating elements are disposed in the compartments and are 
responsive to an initiation signal for producing gas to force the sacks and drug 
25 formulations out of the housing. 

A portable, hand-held iqection device is disclosed in U.S. Patent 
5,616,132 to Newman and includes a diaphragm mounted within a housing having 
a needle associated therewith that moves in response to nx> vemmt of the 
diaphragm whra pressurized gas is released imo the bous^ Each device, 
30 however, is a con^leteiy self contained unit that v^uld be relative^ e]q>ensive to 
manuftcturc and diflScuK, if not impossible, to reuse. Accordingly, sudi a device 
wouM be m^racticd for inass in)ectk)n scenarbs as prev^ 
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Thus, it would be advantageous to provide a prefiDed, inteidiaiigeable 
injection module that is disposable, inexpensive, easy to use, and safe for both the 
patient and medical personnel It would also be advantageous to provide a 
preMed, interchangeabte injection uKKfaik that reduces risks associated 
cross-infection, ux^roves compliance, eq)eciaDy in children, improves the 
efibctiveness of vaccination programs, does not require special sharps handling 
and has smallg numbers of contaminated itons to diqwse. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to piovide an automjectbn device 
that eliminates the need for handling and specialized disposal of contammated 
needles. 

It is anofha object of the present invention to provide an autoiiqection 
device that is di^sable. 

It is yet another olgect of the jmsent iQventk>n to provide an autoinjection 
device that is easy to use by a person without medical tra^^ minimizes 
human error associated with the administration of drugs. 

It is an olgect of the present invention to provide an autoinjection device 
that quickly administers the drug. 

It is an object of the pres^ invention to provide an autoizyection device 
tfaatisconq>act 

It is an ol:gect of the present invention to provide an autoiqection device 
that is simple to manufecture. 

It is an object of the present invoition to provkie an autoogectbn device 
that reliabfy delivers a substantially precise dose of a drug. 

Accordingly, an apparatus for administering a single dose of a drug in 
Uquid form conq[>rises an outer housing havmg apro^dmal etd, a distal end, and a 
first chamb^ therein that houses a piston drug capsule definmg a second chamber. 
Aphinger or piston core fits within the second chamber and defines a reservoir 
thereizibetweea A dnig to be administered is disposed within the reservoir. An 
iigection device such as a needle or nozzle is placed in communication widi the 
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resen^iraiHlalbA^thedrugmthereservoktob^ A 
pressure source in communication with the first chamber is employed to force the 
piston toward the distal Old of ttehouang. As the piston reaches the distal end, 
the piston core is forced into the piston, thus forcing fhe drug out of the reservoir, 
through the injection device, and into the patient. 

Pre&rab^, the piston core mchides a puncture seal that provides a seal 
between die piston core and the piston and mnmtnin^ the drug m the reservoir 
untQ the puncture seal is pierced. The iiyection device comprises a hoOow needle 
having a sharp end proximate the puncture seal In operation, as die piston moves 
toward the distal end of the Ix>U8ing, a first end of the needfe exits the h^ 
enters the sldn of a patient As the piston core moves into the reservoir, a second 
end of the needle pierces fhrougli the puncture seal to allow the drug contained in 
the reservoir to flow througjh the needle. A l»asfa% device, such as a coil spring, is 
prefoabty provided between an abutment surfi^ or end cap of the iiyection 
device and the piston core to retract the needfe after delivery of the drug int^ 
patient* 

Tte mjection deivice mc^ also jm&rably conq;>r^ 
conmiunication with die reservoir sudi that conqiressk)n of the ph^^ 
reservoir forces the drug through the nozzle at such a pressure that the drug is 
forced through the skin of a patient mthout insotion of a needle into the patient. 

The pressure source pref^abfy conq>rises a highfy combustible material, 
such as a propellant, that forms a gas wfami ignited, and an igniter to ignite the 
combustible material Theignitirarispre&rably a circxiit that utilizes an electrical 
source, sudi as a battery, to heat a fiisibk link, such as a resistor, a sorera printed 
resistor screen printed onto a circuit board, NiCr wire, or tungsten wire, to a 
tenq)erature at which the propellant ignites and activates the de^ Avia valve 
or vent is also preferably provided in the device so that gas g^ierated by the 
combustion of propellant can be vented to aUow the piston and piston core to 
retract back into the housing. Such a via valve m^ be filled with a naehable 
material, sudi as sokier, that can be opened after the dnig has been injected to 
vem the device and attow the needk, if any, to retract back imo the device 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an expbded perspective view of a first prefOTedemb^ 
an autoiigectton module in accordance with the present invention; 

HGS. 2A, 2B, 2C, and 2D are cross-sectiooal side views of a firing 
sequence of the autoinjection module iOustrated in FIG. 1 ; 

FIGS. 3 A and 3B are cross-sectk>Dal side views of a partial firing sequence 
of a second embodiment of an autoinjection modufe in accordance with the 
present invention; 

HG. 4 is a ax>ss-sectional side view of a thiid onbodimait of an 
autoiqection moduk in accordance with the present invention; 

HG. 5 is an expk)ded perspective "WW of a fi>urth end)odimait of an 
autoinjection module m accordance with the present invention; 

nG. 6 is a pospective view of an abonative enobodioaent of an ^ 
accordance with the present invention; 

FIG. 7 is a »de view of a needk to be used in coqunction with the end cq^ 
ilhistratedinFIG.6;atid 

HG. 8 is an ei^loded per^)ective view of a fifth embedment of an 
autoiigection module in accordance Moth the present invention. 



DETAILED DESCRIPTION OF THE P J JTSTRAT TO EMBODIMENTS 

OF THE INVENTION 

FIG. 1 iUustrates an exploded perq)ective view of an auton^ection module^ 

12 of genaraOjr cylindrical configuration, preferabfy formed from potycarbonate or 
other nuterials known in the art, and defining an Ulterior di^^ Therestof 
the components oftheautoiniection module 10 are goierally fitted within the 
chamber 14 or to the housing 12 and include a piston 16 of geniaalty cylindrical 
configuration, prefeiabfy conq)rised of polycari)onate, that defines an interior 
chamba or drug capsule IS. A piston core or phmger 20, also i»eferabfy 
con^Hised of polycarbonate, fits witiiin die drug cq)si^ 
puncture seal or menibrane 21 , pre&raUy fbnned from Santoproie or otl» 
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rubber-like materiab kno^vn in the art, and forms a reservoir thereinbetween for 
holding a drug to be administered. An injection device 22, such as a needle 
formed ftom a stainless steel or other materials known in the art, is provided in the 
plunger20. Anendcap24 that is attachable to the distal ^25 of the housing 12 
5 holds all ofthecott;)onentsm the housing 12. A coil spring 23 is provided 

between the end cap 24 and the piston core 20 in order to bias the piston core 20 
and thus the needle 22 awE^fiom the end cap 24. The autoinjection module 10 
also inchides a piston csp 26 for preferably holding a propellant, a piston seal 28 
for sealir^ the piston 1 6 to the housing 12, and a cq) seal 29, preferably 

10 conqirisedofsilkone, for sealiog the piston cap 26 to the p^^ Thepiston 
cap 26, piston sed 28, and cap seal 29 are each poatbned between the pro)d^ 
end 30 of the hou^ 12 and the piston 16 in that order. An igniter circuit board 
32 is preferably molded into the proximal end 30 of the housing 1 2 so that it will 
not become disassociated from the housing 3 0 when the propeDant is ignited and 

15 is configured to ignite the propeilant vpon activation by the igniter circuit board 
32. 

FIGS. 2A-2P iUustrate a firing sequence of the autoinjection module 10 
illustrated m FIG. 1 vAen My assembled. HO. 2A shows the autoinjection 
module 10 in an unused state vdierein a dnig is disposed withm the reservo or 

20 drug c£^ule 18 and is ready for being dispensed through the mjectfon device 22, 
in this case a hollow needle having two diarp ends 46 and 48. The piston core 20 
securely retains the needle 22 within a tongitudinally extending bore 5 1 , as with an 
adhesive or by tolerance fit, and includes an annular recess or groove 53 formed in 
its outer surfitce for retaining the puncture seal 21. Inthis^nbodiment,the 

25 puncture seal 21 has a disk-like configuratfon with a T" shaped cross-section and 
fits over the proximal end 66 ofthe piston core 20. The puncture seal 21 thus 
seals a drug between the drug capsule 18 of the piston 16 and the piston core 20. 
The puncture seal 21 also inchides a recess 67 in its nmer sur&ce for recei 
thus aligning the end 48 ofthe needle 22 v^ien the module 10 is activated. If 

30 desired, the puncture seal 21 may have a thinner cross-section at the recess 67 to 
albwtheneedle22tbmoreeasiIypiefcethepuncturcseal21. The distal end 66 
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of the piston core 20 defines an inwardly t^red frustoconical surfiu:e 68 with the 
end 48 of the oeedle 22 extending therejBrom. 

The detonation device or igniter circuit board 32 is secured to the 
proximal end 30 of the housing 12 to withstand the pressure generated by 
combustion of the propeUant. The igniter circuit 32 is preferably comprised of 
circuitry capable of igniting a propeUant 58, such as smokeless powder, a 
tetrazine-based conqiound, or other moSat matmals known in the art, contained 
within the recess 52 formed in the piston cap 26. Preferably, the recess 52 is sized 
to hoU a measured amount of propeUant 58 such that the desired pressurization of 
the module 10 is achieved upon ignition ofthe propeUant 58. The printed circuit 
board 32 is preferably molded into the proximal end 30 of the housing 12, inchides 
at least one fiisible fink, such as resistor 54, preferabfy a 1 to 10ohm0402surfece 
mount chq> resistor, a screenrprtnted resistor, a NiCr wire, or tungsten wire, 
mounted or screened on the back dde 59 ofthe printed circuit board 32 and in 
contact with or proximate to the propeUant 58. At ignition, a power source, sudi 
as a 1 to 6 volt battery source, provkies current to the resistor 54 and heats it for a 
relatively Aort period of time (e.g., 500 ms) to a ten5)erature (e.g., 600 to 700 
degrees 7) above the ignition point of the propeUant 58 (typically about 300 
degrees F) and ignities the propeUant 58. Upon ignition, the propeUant 58 changes 
from a solid state to a gas state, e^qiands into the chamber 14 defined by the 
housing 12, and forces the piston 16 away from the proximal end 30 ofthe 
housing 12. Depending on the quantity of propeUant 58 used, the force on the 
piston 16 can be controUed For smokeless powder, about 8 mg of propeUant 58 
is sufficient to operate the autoinjectbn module 10. It may be desirable, in order 
to aUow relatively quick retraction of the iigection device or needle 22, to provide 
one or more vents 63 in the printed circuit board 32 fiUed with a meltable material 
suchassold^oraphistic. Preferably, after ignidon, circuitry associated with 
' another resistor 55 is activated and heats the redstor 55 for a perk>d of time (e^ 
0.5 seconds) to mett the solder contdnedviotfain the via ^ Whenthesolder 
melts, the pressure generated within the chamber 14 forces the inehedsold^ from 
tte via vent 63 and aUows the gases gena:aied by ignition of the propeUant 58 to 
escape tterethrough. The coU spring 23 can then reti^ > 
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the needle 22 back into the bousing 12. It may also be desirable to provide a vent 
m the housing 12 that allows gases to be vented wfa^ the piston 16 has traveled a 
substantial length of the housing 12. , 

As fiirther illustrated in FIG. 2B, while the piston 16 travels through the 
chamber 14 toward the distal end 25 ofthe housing 12, the phmger or piston coie 

20 substantially compresses the coilq)ring 23 until liquid pressure within the drug 
capsule 18 forces the puncture seal 21 onto and ov^ the end 48 ofthe needle 22. 
The piston core 20 then begins to move rdative to the piston 1 6 as ooO spring 23 
compresses between the end cap 24 and the piston core 20. At this point, the 
distal end 46 of the needle 22 protrudes through an opening 67 mthe end cap 24 
in order to penetrate the skin of a user ofthe autoinjection module 10. 

Referring now to FIG. 2C, when the needle 22 pierces the puncture seal 

21 and as the piston 16 continues to travel througjii the diamb^ 14 of the 1k>i^ 
12, the piston core 20 readies a point vibm either conqpressbn ofthe coil spring 
23 or engagranent ofthe piston core 20 with the ^ cqp 24 sufiBciently forces the 
piston core 20 into the drug cq>sule 18 to begin evacuation of a drug contained in 
the drug capsule 18 through the needle 22. The end cap 24 provides an abutment 
surfece to stop movement ofthe piston 16 toward the distal end 25. Thedrugwill 
thus be abno st entirely evacuated fiom the drug capsok 1 8 except for the amount 
held between the puncture seal 21 and the piston 16 in. the frustoconical sur&ce 
68. This remainder ofdnig can be calculated m order to determine the actu^ 

of drug that will be administered. 

As shown in FIGS. 2C and 2D, the soUer contained within the via vent 63 
has been melted with the resistor 55 to aOow gasses generated by ignition of the 
propellant 58 (FIG. 2A) to escape fiomthe chamber 14 and allow the coil ^ring 
23 to force the piston 16 and piston core 20 back into the housing 12 a sufiScient 
distance to retract the distal end 46 of the needle 22 at least into the cap 24. 
Retraction of the needle 22 is important to eliminate the need for shaq>s disposal 
of the autoioyection module 1 0 and to guard against contact with a non-sterik 
needle by other persons. 

FIGS. 3 A and 3B iDustrate another preferred embodhnent of an 
autoinjection module 70 in accordance with the present mven& Themodule70 



wo 99/21609 PCTAJS98/22779 

9 

is similar to the autoinjection module illustrated m FIGS. I and 2A-2D except that 
the piston core 72 is provided with an annular O-ring groove 74 for receiving an 
0-ring 76 in order to seal the piston core 72 to the piston 78 and defines a 
puncture seal recess 80 in Its proximal oKi 82. A puncture seal 84 defines a 
semispherical recess 86 therein for receiving the proximal end 88 of the needle 89. 
As ilhistrated inFIG. 3B, when the module 70 is activated and sufBcient pressure 
builds within the drug capsule 79, the puncture seal 84 is forced into the puncture 
seal recess 80, wUch is sized and shaped to receive the puncture seal 84. Asthe 
puncture seal 84 moves into the recess 80, die proximal end 88 of the needle 89 is 
forced through the puncture seal 84 and into fluid communication with the drug 
capsule 79 for evacuation of a drug contained therein. 

FIG. 4 ilhistrates yet another preferred embodiment of an injection module 
121 in accordance with the present inventk>n in which a two piece piston cote 122 
having a relatively^ planar surface 123 retains a puncture seal 124 having a 
frustoconical portion 125. The planar surfiu:e 123 and fiustoconical portion 125 
defineaspace 126 thereinbetween for receiving the pro)dmal end 127 of the 
needle 128. Thus, as the pressure witimtise drug capsule 129 becomes 
sufficiently high, a drug contained therein forces the puncture seal 1 24 over the 
proximal end 127 oftbe needle 128 in order to evacuate the drug. AventlOSis 
provided in the housing 107 to vent gas generated during combustion of the 
propellant once the piston 109 has moved passed the yeai 105. 

Reforing to FIG. 5, it is also contemplated that the autoii^ection device of 
the present invention may conq)rise a needleless or nozzled injection module 90 
con^rising an igniter circuit 92 attached to the proximal end 94 of tiie housing 96. 
A piston drug capsule 98 is sized to fit within the housing 96 and inchides a piston 
cap 100 for holding propeUant, piston seal 102, and csp seal 104 to form a 
substantially air tight seal between the hoiising 96 arid piston drug capsu^ A 
nozzle piston core 106 is sized to fit wiUnn the piston drug ca{»ule 98 and 
nichides a longitudinally extending bore 108 to secure an etongate nozzle 110 
therein. A membrane puncture seal 112 is provided to fit on the noazle piston 
core 106 to seal the nozzle piston core 106 to the piston drug capsule 98 and to 
prevent, until activation of the injection module 90, a drug contained tiberein fiom 
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flowing through the nozzle 110. The piston drug capsule 98 may be filled with the 
drug to be iigected through the hole 99 prior to assembly of the nwdute The 
piston cap 100 inchdes a protnision 101 that fits within and scab the ho^ An 
end cap 1 1 4 that is attachable to the housing 96 inchides a bote 1 1 6 therethrough 
mto which a distal end 118 of the nozzle 110 can reside upon activation of the 
module 90. 

Intfais embodim^ the injection module 90 opoates mmudi the same 
way as the module 10 iUustratedinnGS.2A-2D, except that the nozzle 110 does 
not substantially extend beyond the distal end 120 offhe end esq) 114 upon 
activation of the device 90 ami thus does not penetrate the skin of a person 
receiving the injectioa Inaddition, the distal ml 118 of the nozzle 110 has a 
bhmt end i^iule the proximal end 1 19 of the nozzle 110 is shai^^ 
the membrane inmctuxe seal 112 upon acth^nofthe module 9^^ Ideally, the 
distalend 118 extends beyond the distal end 120 offhe end oq) 114 just enough 
to make good contact with the sidn at the injectbn dte witto 
penetrating tiieddn. Dq>eiiding on the pressure at whidit^ 
the nozzle 110, however, the nozzle 1 10 may actually be a distance away from the 
injection site and sdU su£ScientIy administer the drug. 

The igniter circuit 92 may include pads 9 1 , 93 . and 95 to make electrical 
contact witii a hand-held or other activating device utilizing the injection module 
90, similar in nature to the contacts provkled in a hand-held flashlight for 
connection to a battery. If used with some otiier device, it may be necessary to 
incorporate alignment features, such as slots or protrusions on tiie housing 96 and 
associated protrusions or slots, as the case may be, in the activating device in 
order to properly align the housing and thus tiie pads 91, 93, and 95 with their 
respective contacts provided in the activating device. While the pads 91, 93, and 
95 are illustrated as being located at discrete points, the pads may con5)rise 
concentric rings sudi that the moduk may be at any rotational orient^ 
respect to an activating device and thus engage their respective electrical 
indq)endent of rotational orientatioa It is also contemplated that an activating 
device may replace the igniter circuit 92 and provide a 
Likewise, the igniter circuit may inchide its own power source, such as a battery, 
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SO that an external acth^on device is not requircA With such an integral 
activating device, the housing 96 could be held between the thumb and middle 
finger and the activating device activated by pressing a button on the igniter circuit 
92 with the index finger. Preferably, a non-integral activating device may be 
removed from the module and reused on other injection modules for subsequent 
injections. 

As illustrated in FIGS .6and7,theendcapl30 may include a channel 1 32 
therein fi>rencoura^Qg an injection device* in this case needle 134iUustrat6din 
HO. 7, to bend at some angle relative to the longitudinal axis A of the needle 1 34. 
The channel 132 is defined by a curved wall or sur&ce 136 siq>portedlqr side 
walls 138 and 140 that depend fiom the top 142 of the end 0^130. Anexitport 
1 44 is defined in the front wall 1 46 and is aligned with the channd 132 sadtx that 
as the needle 134 travels through the channel 132, the distal end 148 of the needle 
134 will extend througih the exit port 144. 1^ such an end cap 130 
configuration, an iiyection module according to the pres^ mvention can be 
placed vdth the front waO 146 against and substantiaU 
the injection site. 

The needle 134 shown in FIG. 7 will comprise a substantially linear 
portion 150 having a sharpened end 15 1, a curved portion 152, and a sharpened 
tip 154 when inserted into the channel 132 of the end cap 130. Preferably, the 
needle is conq)rised o f a material used for catheters and the like, such as a 
nickel/titanium alloy that provides a flexible yet strong needle 1 34. According^, 
the needle 135 can bend or deform along the channel 132 as the needle 134 
protrudes throughthe exit port 144. It will be recognized by those skilled m the 
art, that the i^edle 134 may be formed from a substantially linear member and that 
the materialfrom which the needle 134 is formed allows the needle to bend as 
required. 

In still another preferred embodhnent of the present invention, an iigection 
module 200 m^QT be configured to be adjustable such that the vohime of the do^ 
ofdnig to be dispensed may be controlled. As shown in FIG. 8, the adjustable 
vohnne iqection module 200 con^rises a detonatiDn or igniter board 202 secured 
to the proximal end 204 of a housing 206 and a piston drug cq)sule 208 including 
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a cap seal 210, a piston seal 212, and a piston 214. The module 200 includes 
an externally threaded spindle 216 to ^^ch an internally threaded ring 218 is 
threadedly engaged. The module 200 also inchides an end cap 220, an adjustment 
knob 222, and a membrane puncture seal 224 that seals the spindle 216 to the 
piston drug ciq)sule 208. 

The threaded ring 218 inckules two tabs 226 and 228 latmlfy extendh^ 
fiomtheoutersui&ce230ofthering218. The diameter ofthe ring 218 and the 
portion of the tabs 226 and .228 are configured to eogage vnth and slide ivithin 
two longitu<tinaDyextendmgsbts 232 and 234 defined by the housing 206^ When 
assembled, the smaller distal end 236 of the spindle 216 engages and is secured to 
the central opening 238 ofthe knob 222. Thus rotatbn ofthe knob 222 causes 
the spindle 216 to rotate within the housing 206. As the spmdle 216 rotates, the 
ring 218, bdng heU fiom rotation 1^ the engagem^ of die tabs 226 and 228 
widiin the slots 232 and 234, respectively, bngitudinalfy moves relative to the 
spindle 216. The range of movement of flie ring 218 and thus the dosage is only 
linnted by the threaded length of the spindle 216 or the lengths ofthe skits 232 
and 234 and thus provides a maximum ii^ectable dose when the ring 218 is 
abutted against the end cap 220 into slots 240 and 242. When the iqection 
module 200 is activated, the ring 218 provides a stop for the piston drug capsule 
208 as it travels through the housing 206. Thus, depending on its position, only a 
certain quantity of drug will be forced out of the piston drug capsule 208 by the 
puncture seal membrane 224 and spindle 216 combinatioa By putting marks 
imlicating dosjage on the outside of the housing adjacent the slots 232 or 234 or 
proximate the knob 222, the positk>n of marks on the tabs 226 or 228 or on the 
kiK)b 222 relative th^o can indicate the dosage. 

It is conten^lated that the mjectbn modules herein described may use 
other propellants to fire the device such as a compressed liquid or gas or other 
materials known in the art. In addition, the injection modules may be used as 
indhridual, self contained units or enqpbyed in a single- or muhi-iiyection device 
that provides a source ofelectricalcun^ and a handk for grqipii^b^ In 
ad(titk)n, it is to be understood that the above-described embodiments ate only 
iOustrative of the application of the principles ofthe present inventioiL Nunerous 
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modifications and ahernatives may be devised by those skilled in the arty including 
combination of the various embodiments, without departing &om the spirit and 
scope of the present invoition. For exan^le, the autoiigection modules herein 
described need not be cylindrical as other configurations such as oval» potygonal, 
rectangular, and the like may also be pos^le. In addition, certain features such as 
the adjustable means couM be utilized for both needled and needleless modules. 
Thus, the appended clasns are intended to cover such modifications, ahemative 
arrangements, and combinations. 
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CLAIMS 

What is claimed is: 

1. An apparatus for delivering a drug, con;)rising: 
a housing having a distal eod and a proximal end and defining a first dmnber 
5 therein; 

a piston disposed within said first chamber, said piston defining a second chamber 

therein; 

a piston core disposed within said second chamber and defining a reservoir 
between said piston and said piston core; 
10 a pressure source proximate said proximal end and in communication with said 
fiQ:8t chamber, and 

an injection device in communicatbn with said reservoir for delivery of a dose of a 
drug contained therein. 

15 2. The qypaiatusofclaiml, further including a puncture se^ 

interposed between said reservoir and said injecdon device. 

3. The q^paratusofclaim 2, wherein said puncture seal fonns a seal 
between said piston core and said piston. 

20 

4. The apparatus of claim 1 , forther including a biasing device for 
biasing said injection device to ward said proximal end. 

5. The apparatus ofclaim 4. fiirtherinchiding an end cap attached to 
25 said distal^ of said housing. 

6. The apparatus of claim S, wherein said bia^ng device is a spring 
interposed between said eod cap and said piston core. 



30 



7. Tlie apparatus ofclaim 2, i^terein said iiyection device coi^^ 
hoDow needle attached to said piston core and extending toward said distal end. 
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S. Tte apparatus of claim 7» A^dierein said hollow needle is sharp on a 
first end and a second end» said first aid positioned proximate said puncture seal 

9. The ^aratus of claim 2» wherein said injection device comprises 
an elongate nozzle having a sharp cod positioned proximate said puncture seal and 
a bhmt end for iiyecting the drug at an injection ^e. 

10. The apparatus of claim 1 , wherein said pressure source conq>rises 
propellant and an igniter in conrmimication with said propeUant. 

11. The iq^ypaiatus of claim 10, i^^rein said igniter comprises an 
electrical drcuit attadied to a printed circiut board inchiding a first fliable fink 
disposed adjacent said propellant for igniting said propellant. 

12. The apparatus of claim 10, wherein said printed circuit board 
defines a vent tberdn and fiirdier including a second fiisibk link and a meltable 
material disposed within said vent and adjacent said second fiisible 

13. The apparatus of claim 1, fiirther inchiding a vent in 
conrnmnication with said first chaniber. 

14. The apparatus of claim 1, further including an adjustment device 
for adjusting the dose. 

1 5. Tte i9)paratus of claim 14, i^rfierein said piston core conqmses an 
external^ threaded spindle attached on a distal end to an adjustment knob and 
threadedly engaged with an internally threaded ring, said ring engaged with said 
housing and providing a stop for said piston ispon activatbn of said pfessure 
source. 
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16. The apparatus of claim 5, \^rein said end cap includes a curved 
wall defining a channel therem for encouraging said injection device to bend at an 
angle relative to a bngitudinal axis said injection device. 

1 7. The apparatus of claim 1 6, wherein said iqection device conqsrises 
a holbwneedteconqxrised of a nickel/titanium aUoy. . 

1 8. The apparatus of claim 16, whoem said pressure source is an 
igniter circuit inchiding at least one resistor and propellant proximate said at least 
one resistor and said trigger comprises at least one power source for heating said 
at least one cesistor and a switcL 

19. The apparatus ofclaim 18, wherein said at least one reastor is an 
approximately 1 to 1 0 ohm resistor and said at least one power source includes at 
least one batt^ haviog a voltage of approximately 1 to 6 volts. 

20. The apparatus of claim 2, wherein said piston core defines an 
inwardly tapered fiustooonical sur&ce formmg a space between said fhistocomcal 
sur&ce and said puncture seal and wherein at least aportion of said injection 
device re^des within said space* 

21. The apparatus of claim 2, wherein said puncture seal includes a 
fiiistoconical portion defining a space between said fiustoconical portion and said 
piston core, and wherein at least a portion of said injection device resides within 
said space. 

22. The apparatus ofclaun 2, wherein said piston core defines a recess 
therein sized and shaped to recdve said puncture seal therein, said puncture seal 
positioned proxhnate sud recess and defining a space thereinbetween, and 

at least a portion of said iigectbn device resides within said space. 
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23. A drug deUveiy apparatus, comprising: 
hou^ng means for providing a first chanober therein; 

piston roeans di^sed within said housing means for sUding within said first 

chamber, saki piston means defining a second chamber therein; 
phmger means disposed within said second chamber for fonnmg a reservoir within 

the piston means; 
pressure means for forcing said piston means through said first 

phmger means into saidres^oir, and 
iijection means in communication with said reservoir for delivery of a dose of 

dnig contained witiun said reservoir. 

24. The q>paratus of claim 23, fiirther inchiding a sealing means 
interposed between said res^vohr and said injection nieans. 

25. The i^jparatusofclaim 24, wherein said sealing ineans 
between said plunger means and smd piston means. . 

26. The apparatus of claim 23 , forther inchiding biasing means for 
biasing said injection means. 

27. The apparatus of claim 26, wherein said bia^ng device is a coil 
spring interposed between said end cap and said plunger. 

28. The apparatus of claim 24, wherein said mjection means comprises 
a hollow needle attached to said phmger means. 

29. The apparatus ofclaim 28, wherein said hollow needle is sharp on . 
afirst end and a second end, said first end positioned proximate said sealmg 
means. 

30. The apparatus ofclaim 23, wherem said injection means conqm^ 
anozde. 
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31. The apparatus of claim 23, wberein said pressure n^ans comprises 
gas generatiDg means for creating a gas and initiating means for introducing said 
gas into said first chamber. 

5 32. The q^paratusofclatm 3 U ^wherein said initiating means b 

electrical circuit conopriang an electrical source and a fiisible fink, said electrical 
source providing electrical currmt to heat ssud fiisible link and igmte said 
propellant. 

10 33. Theq>paratusofc]ium23,fiirtherinchidingvra 

venting said first chambor. 

34. The i^paiatusofclaim 33, wheidn said venting nieansfii^ 
inchides disengageable sealing means for aHoMdng ventilation o f said first 

15 chamber. 

35. The apparatus of claim 23, fistdaec including adjustment means br 
ad^ting the dose of the drug contained iwidiin said rese^ 

20 36. The q>paratusofcIaim 23, wherein said adjusdnent means inc^ 

adjustable stop means associated with said plunger means for stopping movement 
of said piston means yxpon activation of said pressure means. 

37. A method of injecting a drug, conqm^: 
providing a housing having a proximal end and a distal end and defining a ^ 

chamber tiierein; 
providing a piston within saU first chanto and iTOXon^ 

piston defining a second diamber thereii^ 
providing a plunger witiiin said second chamber to fi)nn a reservoir 

therdnbetwecm; 
providing a drug within said reservoir; 
providing an injection device in communication with ssud reservoir. 



25 



30 
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forcing said piston toward said distal end; and 

forcing said plunger into said reservoir while substantial)^ simultaneous^ forcing a 
dose of tbe drug through said injection device. 

5 38. Tbe ]nethodofciaim37» further including bias^ 

device away fiom said distal end of said housing. 



10 



39. The method of claim 37» fiuther including a<yusting the dose of the 
drug to be forced through said injection device. 
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